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ABSTRACT 
 
Parkinson's disease (PD) is a progressive neurodegenerative movement disorder where motor dysfunction 
gradually increases as the disease progress. In addition to administering dopaminergic PD-specific drugs, 
attending neurologists strongly recommend regular exercise combined with physiotherapy. However, 
because of the long-term nature of the disease, patients following traditional rehabilitation programs may 
get bored, lose interest and eventually drop out as a direct result of the repeatability and predictability of 
the prescribed exercises. Technology supported opportunities to liven up a daily exercise schedule have 
appeared in the form of character-based, virtual reality games which promote physical training in a non-
linear and looser fashion and provide an experience that varies from one game loop the next. Such 
“exergames”, a word that results from the amalgamation of the words “exercise” and “game” challenge 
patients into performing movements of varying complexity in a playful and immersive virtual environment. 
Today’s game consoles such as Nintendo’s Wii, Sony PlayStation Eye and Microsoft’s Kinect sensor 
present new opportunities to infuse motivation and variety to an otherwise mundane physiotherapy routine. 
In this paper we present some of these approaches, discuss their suitability for these PD patients, mainly on 
the basis of demands made on balance, agility and gesture precision, and present design principles that 
exergame platforms must comply with in order to be suitable for PD patients. 
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1. INTRODUCTION 
 
Parkinson’s disease (PD) is a neurodegenerative condition which affects parts of the brain that 
control body movement. More precisely, PD results from the loss of dopamine-producing neurons 
in a mid-brain region known as “substantia nigra”, responsible among others for the smooth and 
purposeful coordination of body muscles. It is still unclear why these cells are lost, making PD so 
far untreatable [1], [2]. The ailment was named after James Parkinson, who first recorded and 
reported the symptoms. According to the European Parkinson’s Disease Association (EDPA) [1], 
around 6.3 million people suffer from the disease worldwide. Symptoms progress slowly but 
irreversibly, so that late stages of the disease are more abundant in the elderly (>60 year old) 
population, while only approximately 10% of PD patients are under 50 years old. In early stages, 
PD commonly affects motor function, whereas cognitive, behavioral and mental-related 
symptoms are usually met at more advanced stages [3]. Non motor-related symptoms include 
sleep disturbances, depression, anxiety, psychosis and visual hallucinations, cognitive 
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impairment, pain and fatigue. In addition, the four distinct, fundamental motor symptoms of the 
disease can be grouped under the acronym TRAP: Tremor, Rigidity, Akinesia (or bradykinesia) 
and Postural instability [4]. These symptoms often develop in different combinations and result in 
hindering common daily activities, troubling patients’ social relationships and reducing the 
quality of life, especially as the disease progresses [5], [6]. 
 
Tremor can be distinguished in tremor at rest and postural tremor. Tremor at rest is the most 
ordinary symptom, appearing at some point during the disease among 75% of the patients 
population [7], making it the most distinctive and easily recognized sign of the disease. It is 
described [1] as an unintentional and rhythmic movement of body parts (limps, head and face 
sections) while relaxed. Meanwhile, postural tremor is associated with body movement (e.g. 
walking) or controlled still posture (e.g., standing) and can easily be misdiagnosed as essential 
tremor in the absence of other symptoms [8]. Rigidity, on the other hand, describes the inability 
of limb muscles to relax, providing high resistance during passive movement of a limb, also 
known as cogwheel phenomenon. In more advanced stages, the muscles of those limbs can be 
described as stiff and highly inflexible. PD patients may also suffer from pain due to the rigidity, 
such as ‘painful shoulder’, one of the trait characteristics for PD [4]. According to EPDA [1], 
akinesia (or bradykinesia) is one of the three main traits of PD and refers to the slowness of PD 
patients in carrying out a voluntary movement, rather than initiating one. Akinesia affects 78-98% 
of the PD patient population [8], troubling them during the entire course of the disease. To detect 
akinesia, PD patients are usually asked to repeatedly perform rapid movements. Finally, postural 
instability expresses the lack of postural reflexes during standing, walking or interacting with 
objects in space [9] and is usually absent in early stages of PD. This last symptom depends on the 
severity and course of the disease [10] and is highly correlated to the frequency of patients’ falls. 
Postural instability combined with akinesia can be an especially dangerous combination which 
can lead to severe injuries. 
 
To assess the progress of PD as well as a given patient’s level of disability, several rating scales 
are employed. In 1967 Hoehn and Yahr [11]
 
proposed a simple and easy to apply rating scale 
which recognizes three practical classification types for Parkinsonism (primary, secondary and 
indeterminate). The Hoehn and Yahr scale utilizes a 5-stage system for grading the severity of the 
condition which ranges from insignificant motor impairments in the first stage, to severe 
impairments in late stages. The scale focuses on observations such as unilateral or bilateral 
expression of the disease as well as the degree of postural reflex impairment. Several additional 
stages have been proposed to add detail and granularity to the initial scale. These stages include 
non-motor aspects of the disease and describe motor aspects more precisely [12]. In 1980 the 
Unified Parkinson’s disease Rating Scale (UPDRS) [13] combined several elements from 
previous scales and has been further updated by the Movement Disorder Society (MDS) [14] to 
include new aspects of non-motor symptoms. The UPDRS scale consists of three major sections 
which evaluate significant areas of disability (Part I: Mentation, Behavior and Mood; Part II: 
Activities of daily living; Part III: Motor Function). The scale is accompanied by a fourth section 
that evaluates complications in treatment. UPDRS is the most widely used clinical rating scale 
and according to EPDA is commonly used in tandem with the Hoehn and Yahr scale as well as 
the Schwab and England Activities of Daily Living (ADL) scale. It must be noted that the ADL 
scale provides a useful measure of a person’s capability in performing daily activities, and as a 
result of that person’s independence. 
 
Although a cure has not yet been discovered for PD, medications usually help control the 
symptoms and maintain body functionality at reasonable levels through a patient’s lifetime. 
According to information provided by the American Parkinson Disease Association (APDA) [15] 
six categories of drugs are proposed for PD condition therapy: levodopa, dopamine agonists, 
MAO-B inhibitors, COMT inhibitor, anticholinergic agents and amantadine. Standard medication 
paths cannot be easily achieved, as the course and symptoms of the disease varies significantly 
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among patients [16]. Based on current clinical practice, levodopa is considered as the most 
efficient drug for improving PD-related motor symptoms, although large doses over an extended 
period of time have been connected to the development of involuntary abnormal movements 
called dyskinesias that further aggravate walking ability and motor function. Recent common 
practice starts patients on agonists, postponing levodopa for later stages when motor symptoms 
are not satisfactorily controlled [17]. In more advanced stages, combinations of levodopa, 
dopamine agonists, COMT inhibitors and MAO-B may be used to control symptoms and achieve 
optimal results [16].  
 
2. BENEFITS OF PHYSIOTHERAPY FOR PD PATIENTS 
 
Adding to the value of medical treatment, physiotherapy appears highly effective in controlling 
PD-related symptoms. A number of clinical facilities and associations focusing on PD provide 
physical activity guidelines, suggesting daily activities and tasks, even diet schedules. For 
example the Parkinson Society of Canada [18] provides online detailed instructions on how to 
correctly perform stretching and other physical exercises. Exercise interventions in randomized 
controlled trials [19] show that physical exercise such as stretching, aerobics, unweighted or 
weighed treadmill and strength training improves motor functionality (leg stretching, muscle 
strength, balance and walking) and quality of life. Interestingly, one training program [20] was 
conducted in patients’ homes instead of at a clinical facility using exercises tailored to the 
condition of each patient. In addition, a physiotherapist was visiting patients on a weekly base. 
Participants kept records of fall events for the duration of the program. Analysis of these records 
reveals lower fall rates for patients that follow home-based exercise programs with detailed 
preparation and documentation compared to those who do not. These results are corroborated by a 
different study [21] which employed experimental balance training including self-destabilization 
exercises, externally-forced destabilization exercises and coordination of leg and hands during 
walking. These exercises improved postural stability and boosted patients’ confidence as a result 
of the reduced frequency of falls. In fact, benefits in postural stability as a result of that exercise 
program were maintained for at least one month after conclusion of the program. 
 
Significant fringe benefits resulting from home-based rehabilitation include significant cuts in 
treatment costs. Indeed, PD patients must frequently attend physiotherapy sessions to either 
notice an improvement or maintain the gains from clinical rehabilitation programs [22]. In fact, 
Calgar, et al. [23] point out the effectiveness of home-based, structured physical therapy exercise 
programs tailored to the individual patient, as witnessed by measurable improvements in motor 
capability. In addition, the “training BIG” strategy for PD rehabilitation has also shown promising 
results. For example, exercises that focus on amplitude training [24] can lead to faster upper and 
lower limb movements – in this case, participants repeatedly performed various exercises using 
maximum range of motion (maximum amplitude). The exercise sets employ the entire body of the 
patient, both in seated and standing posture and include BIG stretches (i.e. reach and twist to side) 
and reparative BIG multidirectional movements (i.e. step and reach forward). 
 
Several other training programs have been applied to the PD condition. Prominent among those is 
Tai Chi, a form of martial art based on gaining balance through the controlled and continuous 
movement of the body’s center of mass. As several studies have shown the benefits of Tai Chi in 
strength, balance, and physical function in healthy older adults, Li et al. [25] conducted a study to 
evaluate Tai Chi’s potential in improving postural stability for PD patients.  The randomized trials 
included three independent patient groups: a Tai Chi group, a resistance training group, and a 
body stretching group. Tai Chi participants showed more significant improvements both in 
balance and in maximum excursion compared to patients of the remaining two groups. In 
addition, Zhou, et al. in their systematic literature review [26] conclude that Tai Chi seems to 
significantly improve motor and balance impairments for PD patients, although larger-scale 
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samples and high-quality randomized control trials are necessary to make this statement 
conclusive. Another promising rehabilitation exercise trial was conducted by Combs et al. [27] 
using box training. While the number of patient participating in this trial was relatively small (six 
patients), the patients showed both short and long term improvements in balance, gait, daily 
activities and quality of life, although more advanced stage participants seem to require more 
persistence and time to reap these benefits. 
 
3. TECHNOLOGY-SUPPORTED PHYSIOTHERAPY 
 
PD patients attending long-term rehabilitation exercise programs tend to get bored of the same 
daily physical routine [28]. In fact, Mendez et al. [29] propose to investigate the learning potential 
of PD patients using new therapeutic strategies and validating their utility. Indeed, it is worth 
examining the potential benefits reaped by PD patients through their participation to exergames - 
computer games indented to be used as an exercise tool, using motion capture systems like Sony 
Playstation Eye, Nintendo Wii and Microsoft’s Kinect. Such games use audio and visual cues in 
loose, virtual reality (VR) environments and offer an enormous motivating potential because they 
do away with repeatability (the seed of boredom) and engage users in immersive, goal-oriented 
scenarios. Motion capture devices provide an interface to the virtual world and can be 
programmed and tuned to provide real-time information about the specific interactions. 
 
VR interaction is promising in terms of rehabilitation not only for people with the PD condition, 
but also for people with motor degenerative conditions. A resent review [30]
 
conducted by Vieira 
et al. evaluated various studies in the literature with an eye on the possible benefits of VR-based 
systems for PD patients. It concluded that VR can not only be used as a therapeutic tool, but can 
also play a significant role in controlling and regaining motor function, mobility and cognitive 
capacities as well as balance. In addition, participants in all home-based trials showed 
improvements in all post-training tests, supporting the idea of using VR as a therapeutic home-
based tool. The authors continue to discuss the benefits of VR-based games on physical neuro-
rehabilitation supporting that visual and auditory cues may stimulate a player’s reaction at a 
cognitive level. Indeed, brain re-training seems possible at some level, in the sense of rerouting 
brain activity through alternative neuron paths. Other recent studies seem to corroborate not only 
the feasibility but also the benefits of exergames for PD patients, as a highly effective 
rehabilitation practice [31]. At the same time, extreme care and forethought must characterize the 
design of exergames specifically for PD patients. For example, exergames must provide 
motivation and positive feedback, be progressively more challenging but also adaptable to a 
specific patient’s condition and all that within a “maximal safety net” from the design stage and 
not as an afterthought so as to minimize and even eliminate accidents such as falls. 
 
       
 
Figure 1: Left – screen shot from the sky scenario of Yu et al, where the avatar stands  
on a cloud to reach falling stars. Right – a user wearing 3 IMUs (torso and upper  
left/right arm) plays the Touch’n’Explode game (adopted from Tous et al) 
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Yu et al [32] developed a real-time multimedia environment aiming at PD patient rehabilitation. 
The system was developed using a ten near-IR camera Motion Analysis System to capture a 
patient’s body in 3D. To successfully capture movement, retro-reflected markers were attached to 
the patient’s body (left panel in Figure 1). Guided by visual and auditory cueing, patients were 
called to execute several exercises based on the BIG strategy [24]. At the same time, incoming 
data streams were analyzed in real-time via motion analysis software and were mapped onto an 
on-screen avatar. However, the proposed solution is not cost effective due to the need of installing 
multiple infrared cameras and calibrating the system. In addition, it is hard for PD patients to use 
the system on their own without external help, due to the fact that the markers must be attached to 
their body at specific points every time they need to exercise. 
 
In the context of the EU-funded CuPiD project, Tous et al. extended the tele-rehabilitation 
platform Play For Health (P4H) to create exergames for PD patients [33]. Three games were 
created: Touch ‘n’ Explode (pop objects in the virtual environment), Stepping Tiles (step on the 
tiles of the kitchen) and Up ‘n’ Down (sit-stand exercise). Motion capture used a body-area 
network (BAN) of wearable sensors developed specifically for the project along with the 
necessary algorithms for posture recognition. Patient movements were translated to 3D avatar 
movements in a virtual environment (right panel in Figure 1). The system was also able to detect 
freezing motion incidents. 
 
Another line of efforts evaluated the Nintendo Wii gaming system as a possible rehabilitation tool 
for PD ([31] presents a systematic review). The Wii system uses a handheld controller to 
communicate with a console, usually installed by the display monitor / TV in-front of the user. 
Data such as rotation and acceleration of the controller is sent to the console wirelessly. In 
addition, the “balance board”, a rather common extension component used by several Wii games 
contains several sensors which measure the mass of the player and his/her center of gravity. Case 
studies evaluated Wii as an off-the-self, affordable solution that already provided major game 
releases in rehabilitation. Data related to gait, balance, cognitive reaction and functional mobility 
were recorded and presented. In most cases, however, the Wii Balance board extension had to be 
used, as it is required by the majority of Wii games. 
 
Zettergren et al [34] evaluate three exergames (Penguin Slide, Table Tilt, Balance Bubble) and 
four activity games (Free Step, Island Cycling, Obstacle Course and Rhythm Parade) with the 
Nintendo Wii platform. Results show significant benefits on gait speed and timed up-and-go, as 
well as improvements on Berg’s balance scale, without signs of (psychological) depression 
observed during the trial. An additional study that exhibited improvements among PD patients in 
terms of gait and balance was conducted by Mhatre et al [35]. The trial used Wii’s balance board 
extension of the Wii gaming system for the Marble, Skiing and Bubble games. Esculier [36] et al 
used similar Wii games to evaluate the benefits in balance for PD patients and compared the 
results against a set of healthy elderly individuals. The trial showed improvements in most static 
and dynamic balance aspects for both user groups. Four out of five trial participants liked the 
games whereas the fifth participant was neutral on the matter.  
 
Pompeu et al [37] investigated whether PD patients can improve their performance on the Wii 
gaming system and compared the effects of Wii-based motor and cognitive training with balance 
exercise therapy in the aspect of independent performance for daily life. Tested Wii games 
included balance games (Table Tilt, Tilt City, Penguin Slide and Soccer Heading) as well as static 
balance games (Torso Twist and Single Leg extension), while stationary gait was practiced in 
games like Rhythm Parade, Obstacle Course, Basic Step and Basic Run. Results showed that the 
PD patients improved their performance in each category of Wii-based games. Although Wii-
based motor and cognition training had good impact on independent performance of activities for 
daily life, the same results were observed with the balance exercise therapy executed in a real 
environment. 
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Hertz et al [38] on the other hand, used the Wii games Tennis, Boxing and Bowling to determine 
the effectiveness of the specific gaming system on both motor and non-motor symptoms for PD 
patients. The games were chosen as out-of-the-box solutions bundled with the Wii system (lower 
cost than buying later as add-ons) with familiar movements to the subjects of the study. 
Participants witnessed improved motor and non-motor aspects as well as improvements in quality 
of life. 
 
Most aforementioned studies using commercial Wii games demonstrated improvements in gait, 
motion and balance among PD patients. In addition, a number of studies find that benefits reaped 
during program participation were maintained for a time period after the program’s completion. It 
must be mentioned, however, that several games developed for the Wii platform require the 
balance board raised platform as an extension. For example, in Free Step patients step on and off 
the balance board to follow the game’s sequential activities. It should be noted, however, that the 
balance board is a risky piece of hardware for PD patients, as it may lead to falls [31]. In addition, 
all Wii games require a handheld controller to capture the player’s movement, which may be 
troublesome for at least some PD patients. Therefore, whereas commercial Wii exergames seem 
to offer low-cost rehabilitation opportunities, they may not be suitable for all PD patients. In fact, 
Mendes et al [29] record that PD patients have trouble in learning and retention using some Wii 
commercial games when compared with healthy individuals, resulting in poor performance in 
those games. In addition, study participants failed to improve their performance for games 
requiring fast reaction, which case subjects naturally lacked as a result of cognitive and/or motor 
problems inherent to the PD condition. It follows that game performance improvements for the 
PD population depends on the demands of the specific Wii game played. 
 
    
 
Figure 2: Left – Rowing game setup (adopted from Paraskevopoulos et al). Right – screenshot of the game 
Town Musicians (adopted from Assad et al) 
 
Wii-based rehabilitation games tailored to PD patients were developed by Paraskevopoulos et al 
[39]. Two games intended to improve speed, rigidity, range of movement and bilateral mobility 
were developed based on PD-specific movements extracted from bibliography. In the first game 
the patient controls a two-paddle rowboat from a seated position to reach a specific point in a 
certain amount of time (left panel in Figure 2). In the second game (water valve mini golf game) 
the player rotates a virtual valve to release and guide a ball through a pipe into a hole. Data 
retrieved from the sensor’s accelerometer and gyroscope were algorithmically combined to 
provide orientation and linear motion results so as to map the user’s movements on screen 
actions. 
 
Evaluating the advantages and disadvantages of similar (to the Wii) technologies, Assad et al [28] 
examined the Sony Playstation Eye system as a potential rehabilitation tool for PD patients. They 
developed WuppDi!, a collection of five PD-oriented motion-based games within a playful 
environment. Most of these games required one or two (one for each hand) markers in form of a 
glove or wooden stick to interact with virtual game objects. Participants welcomed this approach 
as a physical activity albeit having trouble handling the input devices. Earlier trials with the Wii 
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gaming system had shown that PD patients weren’t able to manipulate the handheld controller 
effectively, as it required moving the controller and pushing buttons on it at the same time. 
 
The latter two studies revealed a necessity for developing exergames specifically aimed to PD 
rehabilitation. However, emphasis must be given to gaming systems that accurately capture full 
body motion without the need of external handheld or wearable devices. In their review, Gillian et 
al [31] propose that platforms such as the XBox Kinect which do not require raised platforms, 
handheld controllers and/or body markers need to be evaluated with respect to the rehabilitation 
opportunities with maximal safety for PD patients. 
 
The Kinect sensor requires no external input controllers and can capture the motion of the entire 
human body in 3D, using an RGB camera and a depth sensor. Players can manipulate game 
interactions by moving their body in front of the sensor, i.e., the human body is the controller. 
Kinect-based exergames tailored to PD are however sparse due to the fact that the technology is 
still relatively new. The first generation of Kinect sensors was released in November of 2010 and 
was paired to the Xbox 360 console, while in June 2011 Microsoft released a Software 
Development Kit (SDK) to allow the creation of Kinect-based applications. 
 
    
 
Figure 3: Left – Scene from the farmer game of Galna et al. Right – screenshot from the loose cooperation 
game of Hermann et al. 
 
Galna et al [40] developed a Kinect game for PD patients which included specific upper and 
lower limb movements to improve dynamic postural control. The upper torso of the player is 
mapped onto a farmer avatar driving a tractor who collects fruits and avoids obstacles in a 3D 
environment (left panel in Figure 3). Fruit collecting is achieved by specific arm movements, 
choosing to move the right or the left hand depending on the color of the fruit. Large steps (front, 
back and sideways) with one foot centered guide the tractor to avoid obstacles in the form of 
sheep, high wires, birds, etc. To maintain patient motivation, the game has several levels of 
difficulty: game complexity increases from simple hand movements for low levels through more 
complex activities combining cognitive decisions and physical movements all the way to dual 
tasking (simultaneous hand and foot work). The game’s design principles resulted from a 
workshop where participants played and evaluated a wide range of commercial games developed 
for Microsoft’s Xbox Kinect and Nintendo’s Wii. The workshop once more revealed the 
aforementioned difficulties of patients to interact with Wii’s handheld controller and balance 
board. A pilot test led to several useful conclusions, extracted through interviews and 
questionnaires, in terms of gameplay design, feasibility and safety. The authors conclude that the 
Kinect sensor seems both safe and feasible for PD patients, although its use as a home-based 
rehabilitation solution needs further investigation. 
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Another multiplayer game also based on the Kinect sensor was developed by Hermann et al [41] 
to investigate whether gamer cooperation can lead to improvements in communication and 
coordination. Using hand movements, participants had to collect buckets of water in a flooded 
area to reveal an object underneath. The game was played in two different modes. In the first 
mode (loose cooperation) both players drained the area (right panel in Figure 3), while in the 
second mode (strong cooperation) one player would drain, while the second player was expected 
to reveal the hidden object. Gameplay was recorded to reveal information regarding the 
discussion and level of cooperation between the participating patients. Subsequent analysis 
showed that multiplayer games are feasible for this kind of target group and that asymmetric roles 
(strong cooperation) can motivate communication between participants and lead to a better game 
experience.  
 
4. DISCUSSION - LESSONS LEARNT 
 
To design effectively for PD patients requires that a number of good practices and design 
principles are followed, as a result of understanding the symptoms of the PD condition. These 
practices and principles are supported by the results of the studies presented in the previous 
sections and are presented directly below. 
 
4.1. Gaming System Suitability – Safety First! 
 
In their review Gillian et al [31] support that exergame solutions for PD patients should avoid 
raised platforms and handheld controllers such as those employed by the Nintendo Wii and Sony 
PlayStation Eye gaming systems. Because lack of postural stability characterizing the PD 
condition may lead to falls and severe injuries, Gillian et al suggest avoiding raised platforms 
(such as balance board) which present additional trip and fall risks. It follows that patient safety is 
maximally preserved with gaming systems which provide full body motion tracking without 
additional / external add-ons that users must interact with. Low cost solutions with minimal 
footprint that can easily be set up either in a clinical setting or a home environment would 
naturally be preferred. Still, all such systems must be evaluated in the terms of patient safety. 
 
4.2. Patient-specific Game Solutions 
 
A number of studies, e.g., [28], [29], [31], [39], [40] have showed that while off the shelf, low 
cost gaming systems can easily exist in both clinical and home environments, not all commercial 
exergames developed for those systems are suitable for the PD condition. For example, evaluation 
trials conducted in [28] and [40] showed that PD patients wearing gloves or using handheld 
controllers with buttons encountered difficulties interacting with the virtual game environment. In 
addition, Mendes et al [29] deduce that PD patient performance in commercial exergames 
depends on the motor and cognitive requirements of the game itself. To further elaborate on this 
observation, PD participants failed to improve game performance compared to a control group of 
elderly healthy individuals in three of the commercial Wii games that were tested. It is therefore 
advisable that exergames include specifically designed movements drawn from existing 
recommended PD training programs, an approach followed, for example, in [39]. To further 
improve motor function (range of motion, balance, postural reflex and strength) the training BIG 
strategy [24] supports big, purposeful and smooth movements to increase the speed of upper and 
lower limbs, similar to the philosophy of Tai Chi (e.g., [25] and [26]). The conclusions of the 
preliminary trials of Assad et al [28] have also showed that PD patients may be frustrated by 
tremor that hinders performing slow and accurate arm movements. 
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4.3. Personalization and Adaptability 
 
Motor skills and especially the range of extent for limbs vary significantly among PD patients and 
depend on several factors such as the course of the disease, medication and everyday physical 
activity. Accordingly, exergame movements must be scaled and calibrated based on the 
individual user’s motor skill set [28]. In addition, exercise adaptations may vary from more 
challenging strict mappings to looser ones so as to avoid patient fatigue or frustration e.g., by 
repetitive failure of a task [32]. Therefore, not only captured movements must be adaptable, but 
also the difficulty of specific game tasks, such as game speed [40]. 
 
4.4. Game Scenario Variety 
 
In the introductory section of the present work it has been mentioned that PD is more prevalent to 
an aging population section (> 60 years old). Most of these elderly people may not have 
experienced the computer revolution first hand and have little or no experience in gaming 
systems. To maintain interest for this significant population of PD patients, games must be simple 
in terms of design and scenario and must contain familiar concepts [28]. Indeed, Galna et al [42] 
found that patients were not attracted by complex adventure-type or science fiction game 
scenarios, but instead were drawn to games based on real-life experiences that used cartoon-style 
graphics, which they found more familiar and appealing. In addition, a number of patients showed 
preference to outdoor activity scenarios [40]. Game simplicity was also preferred in the sense that 
game assets are easily and immediately recognizable during gameplay and their orientation inside 
the game scene is made obvious so as not to distract from the goal of improving motor 
performance. 
 
Exergames must also contain clear instructions and challenging goals to maintain motivation to 
improve motor performance. During the workshop carried out in [40] patients showed 
overwhelming preference to games that aren’t too complex or too fast in reaction speed, while 
one patient mentioned that the game was too easy. A way to allow for a wide gamut of user 
preferences and abilities is to build multiple game levels. Less demanding low levels introduce 
simpler / slower tasks intended to familiarize with the game and/or avoid frustration, whereas 
more advanced levels may demand increased complexity, multitasking and faster reaction. Such 
is the approach of e.g., Assad et al [28], whose games show different levels of complexity, from 
really simple ones which focus solely on body movement to more difficult levels which require 
coordination and concentration. 
 
One can thus infer that challenging game scenarios will stimulate both motor functionality 
(balance, strength and postural reflex) and cognition (e.g., making a correct, timely decision). 
Following suggestions of physiotherapists that participated in their system design, Yu et al [32] 
employed the concepts of accuracy and timing to contain and reduce symptoms related to 
bradykinesia. Patients had to follow and execute instructive movements in a specific amount of 
time. Time threshold values were chosen carefully to motivate patients to react faster but were 
also sufficiently tolerant and flexible to accommodate individual player capabilities. 
 
4.5. Visual and Auditory Feedback 
 
Positive feedback, in the terms of visual and auditory effects, is very important to all games and 
even more so to exergames tailored to PD patients. Visual and auditory cues accompanying score 
bumps or drops, communicating the points gained or rewarding for the completion of a complex 
task serve at multiple levels: at a cognitive level they help keep the player informed and 
synchronized to the game status, while at a psychological level they reward, motivate and 
challenge. Paraskevopoulos et al [39] suggest that encouraging and motivating feedback increases 
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game appeal and decreases the risk of patients abandoning the game and the benefits reaped from 
practicing. Corroborating evidence from [28] emphasizes the importance of visual and auditory 
feedback as an effective mechanism to identify game progress and help a player become more 
effective. In fact, patients that could not complete tasks successfully felt frustrated and unhappy, 
suggesting that players should be rewarded also for their effort and be encouraged to keep trying. 
It follows that exergames developed for PD patients should avoid any kind of negative feedback 
[31]. 
 
4.6. Guidelines and Navigation 
 
Home-based exergames must provide clear and sufficient instructions to allow for unguided 
patient participation. Instructions can be in the form of videos or text. As an example, Assad et al 
[28] created build-in instructions in the form of video tutorials for each game they developed. 
Instruction must also be included in any interaction of the patient with the system outside the 
gameplay itself. Interfaces such as quit or replay require specific visual instructions, guiding 
players into performing the correct action. Menu navigation must be equally simple and intuitive, 
helping players quickly understand what they have to do to navigate the game. Assad et al report 
that some participants inadvertently selected unwanted menu items due to the tremor in their 
upper limbs, suggesting that hand hovering over a specific region of the screen to select a menu 
item must be avoided. Navigation-related movements must be carefully selected to avoid 
accidental selections due to involuntary motion of the upper limbs.  
 
5. CONCLUSIONS 
 
Physiotherapy is very important for controlling the symptoms of Parkinson’s disease (PD), a thus 
far incurable condition that only deteriorates with age. It is exactly for this reason that traditional 
forms of physiotherapy are not only costly (as physiotherapy-related costs pile up) but also prone 
to fail in the medium to long term as patients lose interest in performing the same mundane tasks 
and exercises day after day. Indeed, patients following a long-term repetitive exercise schedule 
can easily get bored, lose interest and eventually drop out of a rehabilitation program (e.g., [28] 
and [32]). However, technology-supported physiotherapy is possible today and promises to liven 
up a daily exercise schedule. Today’s game consoles such as Nintendo’s Wii, Sony PlayStation 
Eye and Microsoft’s Kinect sensor present new opportunities to infuse motivation and variety to 
an otherwise mundane physiotherapy routine. Such, “exergames” engage patients into repeatedly 
executing simple or complex exercise patterns within a goal-oriented enjoyable context, with real-
time feedback and rewards in the form of visual and auditory cues. However designing safe, 
motivating exergames for PD patients with measurable rewards in controlling the symptoms of 
the disease is a challenging task. In this paper we have discussed findings of recent works and 
studies and have identified a number of good practices and design principles that provide for a 
safe and effective game experience for the end user. 
 
REFERENCES 
 
[1] “EPDA.” [Online]. Available: http://www.epda.eu.com/en/. [Accessed: 12-Jun-2015]. 
[2] “Parkinsons Disease Information.” [Online]. Available: http://www.parkinsons.org/. [Accessed: 12-
Jun-2015]. 
[3] K. R. Chaudhuri, D. G. Healy, and a H. Schapira, “Non-motor symptoms of Parkinson’s disease: 
diagnosis and management,” Lancet Neurol, vol. 5, no. 3, pp. 235–245, 2006. 
[4] J. Jankovic, “Parkinson’s disease: clinical features and diagnosis.,” J. Neurol. Neurosurg. Psychiatry, 
vol. 79, no. 4, pp. 368–376, 2008. 
[5] J. a Opara, W. Brola, M. Leonardi, and B. Błaszczyk, “Quality of life in Parkinson’s disease.,” J. 
Med. Life, vol. 5, no. 4, pp. 375–81, 2012. 
International Journal of Biomedical Engineering and Science (IJBES), Vol. 2, No. 4, October 2015 
11 
 
[6] B. L. Den Oudsten, G. L. Van Heck, and J. De Vries, “Quality of life and related concepts in 
Parkinson’s disease: a systematic review.,” Mov. Disord., vol. 22, no. 11, pp. 1528–1537, 2007. 
[7] D. J. Gelb, E. Oliver, and S. Gilman, “Diagnostic criteria for Parkinson disease.,” Arch. Neurol., vol. 
56, no. 1, pp. 33–39, 1999. 
[8] J. Jankovic, K. S. Schwartz, and W. Ondo, “Re-emergent tremor of Parkinson ’ s disease,” pp. 646–
650, 1999. 
[9] G. Wulf, M. Landers, R. Lewthwaite, and T. Töllner, “External focus instructions reduce postural 
instability in individuals with Parkinson disease.,” Phys. Ther., vol. 89, no. 2, pp. 162–168, 2009. 
[10] W. C. Koller, S. Glatt, B. Vetere-Overfield, and R. Hassanein, “Falls and Parkinson’s disease 31,” 
Clin.Neuropharmacol., vol. 12, no. 2. pp. 98–105, 1989. 
[11] M. M. Hoehn and M. D. Yahr, “Parkinsonism : onset , progression , and mortality,” vol. 17, no. May, 
1967. 
[12] R. Bhidayasiri and D. Tarsy, “Movement Disorders: A Video Atlas,” pp. 4–6, 2012. 
[13] C. G. Goetz, B. C. Tilley, S. R. Shaftman, G. T. Stebbins, S. Fahn, P. Martinez-Martin, W. Poewe, C. 
Sampaio, M. B. Stern, R. Dodel, B. Dubois, R. Holloway, J. Jankovic, J. Kulisevsky, A. E. Lang, A. 
Lees, S. Leurgans, P. a. LeWitt, D. Nyenhuis, C. W. Olanow, O. Rascol, A. Schrag, J. a. Teresi, J. J. 
van Hilten, N. LaPelle, P. Agarwal, S. Athar, Y. Bordelan, H. M. Bronte-Stewart, R. Camicioli, K. 
Chou, W. Cole, A. Dalvi, H. Delgado, A. Diamond, J. P. Dick, J. Duda, R. J. Elble, C. Evans, V. G. 
Evidente, H. H. Fernandez, S. Fox, J. H. Friedman, R. D. Fross, D. Gallagher, C. G. Goetz, D. Hall, 
N. Hermanowicz, V. Hinson, S. Horn, H. Hurtig, U. J. Kang, G. Kleiner-Fisman, O. Klepitskaya, K. 
Kompoliti, E. C. Lai, M. L. Leehey, I. Leroi, K. E. Lyons, T. McClain, S. W. Metzer, J. Miyasaki, J. 
C. Morgan, M. Nance, J. Nemeth, R. Pahwa, S. a. Parashos, J. S. J. S. Schneider, A. Schrag, K. Sethi, 
L. M. Shulman, A. Siderowf, M. Silverdale, T. Simuni, M. Stacy, M. B. Stern, R. M. Stewart, K. 
Sullivan, D. M. Swope, P. M. Wadia, R. W. Walker, R. Walker, W. J. Weiner, J. Wiener, J. 
Wilkinson, J. M. Wojcieszek, S. Wolfrath, F. Wooten, A. Wu, T. a. Zesiewicz, and R. M. Zweig, 
“Movement Disorder Society-Sponsored Revision of the Unified Parkinson’s Disease Rating Scale 
(MDS-UPDRS): Scale presentation and clinimetric testing results,” Mov. Disord., vol. 23, no. 15, pp. 
2129–2170, 2008. 
[14] “International Parkinson and Movement Disorder Society.” [Online]. Available: 
http://www.movementdisorders.org/MDS.htm. [Accessed: 12-Jun-2015]. 
[15] “American Parkinson Disease Association.” [Online]. Available: http://www.apdaparkinson.org/. 
[Accessed: 12-Jun-2015]. 
[16] M. Horstink, E. Tolosa, U. Bonuccelli, G. Deuschl, a. Friedman, P. Kanovsky, J. P. Larsen, a. Lees, 
W. Oertel, W. Poewe, O. Rascol, and C. Sampaio, “Review of the therapeutic management of 
Parkinson’s disease. Report of a joint task force of the European Federation of Neurological Societies 
and the Movement Disorder Society-European Section. Part I: Early (uncomplicated) Parkinson's 
disease,” Eur. J. Neurol., vol. 13, no. 11, pp. 1170–1185, 2006. 
[17] M. R. Semenchuk, “Medical Management of Parkinson’s Disease, (American Parkinson Disease 
Association-APDA).” 
[18] “Exercises for people with parkinson’s.” [Online]. Available: 
http://www.parkinson.ca/atf/cf/%7B9ebd08a9-7886-4b2d-a1c4-
a131e7096bf8%7D/EXERCISEMAR2012_EN.PDF. 
[19] V. a. Goodwin, S. H. Richards, R. S. Taylor, A. H. Taylor, and J. L. Campbell, “The effectiveness of 
exercise interventions for people with Parkinson’s disease: A systematic review and meta-analysis,” 
Mov. Disord., vol. 23, no. 5, pp. 631–640, 2008. 
[20] A. Ashburn, L. Fazakarley, C. Ballinger, R. Pickering, L. D. McLellan, and C. Fitton, “A randomised 
controlled trial of a home based exercise programme to reduce the risk of falling among people with 
Parkinson’s disease.,” J. Neurol. Neurosurg. Psychiatry, vol. 78, no. 7, pp. 678–684, 2007. 
[21] N. Smania, E. Corato, M. Tinazzi, C. Stanzani, A. Fiaschi, P. Girardi, and M. Gandolfi, “Effect of 
balance training on postural instability in patients with idiopathic Parkinson’s disease.,” Neurorehabil. 
Neural Repair, vol. 24, no. 9, pp. 826–834, 2010. 
[22] R. Kizony, P. L. (Tamar) Weiss, M. Shahar, and D. Rand, “TheraGame: A home based virtual reality 
rehabilitation system,” Int. J. Disabil. Hum. Dev., vol. 5, no. 3, pp. 209–214, 2006. 
[23] A. Caglar, H. Gurses, F. Mutluay, and G. Kiziltan, “Effects of home exercises on motor performance 
in patients with <B>Parkinson’s disease</B>,” Clin. Rehabil., vol. 19, no. 8, pp. 870–877, 2005. 
[24] B. G. Farley and G. F. Koshland, “Training BIG to move faster: the application of the speed-
amplitude relation as a rehabilitation strategy for people with Parkinson’s disease.,” Exp. Brain Res., 
vol. 167, no. 3, pp. 462–467, 2005. 
International Journal of Biomedical Engineering and Science (IJBES), Vol. 2, No. 4, October 2015 
12 
 
[25] F. Li, P. Harmer, K. Fitzgerald, E. Eckstrom, R. Stock, J. Galver, G. Maddalozzo, and S. S. Batya, 
“Tai Chi and Postural Stability in Patients with Parkinson’s Disease,” N. Engl. J. Med., vol. 366, pp. 
511–519, 2013. 
[26] J. Zhou, T. Yin, Q. Gao, and X. C. Yang, “A Meta-Analysis on the Efficacy of Tai Chi in Patients 
with Parkinson’s Disease between 2008 and 2014,” Evidence-Based Complement. Altern. Med., vol. 
1, p. 9, 2015. 
[27] S. a Combs, M. D. Diehl, W. H. Staples, L. Conn, K. Davis, N. Lewis, and K. Schaneman, “Boxing 
training for patients with Parkinson disease: a case series.,” Phys. Ther., vol. 91, no. 1, pp. 132–142, 
2011. 
[28] O. Assad, R. Hermann, D. Lilla, B. Mellies, R. Meyer, L. Shevach, S. Siegel, M. Springer, S. 
Tiemkeo, J. Voges, J. Wieferich, M. Herrlich, M. Krause, and R. Malaka, “Motion-based games for 
Parkinson’s disease patients,” Lect. Notes Comput. Sci. (including Subser. Lect. Notes Artif. Intell. 
Lect. Notes Bioinformatics), vol. 6972 LNCS, pp. 47–58, 2011. 
[29] F. A. D. S. Mendes, J. E. Pompeu, A. M. Lobo, K. G. da Silva, T. D. P. Oliveira, A. P. Zomignani, 
and M. E. P. Piemonte, “Motor learning, retention and transfer after virtual-reality-based training in 
Parkinson’s disease - effect of motor and cognitive demands of games: A longitudinal, controlled 
clinical study,” Physiother. (United Kingdom), vol. 98, no. 3, pp. 217–223, 2012. 
[30] G. D. P. Vieira, D. Freitas, and G. Henriques, “Virtual Reality in Physical Rehabilitation of Patients 
With Parkinson ’ S Disease,” vol. 24, no. 1, pp. 31–41, 2014. 
[31] G. Barry, B. Galna, and L. Rochester, “The role of exergaming in Parkinson’s disease rehabilitation: a 
systematic review of the evidence.,” J. Neuroeng. Rehabil., vol. 11, no. 1, p. 33, 2014. 
[32] W. Yu, C. Vuong, and T. Ingalls, “An interactive multimedia system for Parkinson’s patient 
rehabilitation,” Lect. Notes Comput. Sci. (including Subser. Lect. Notes Artif. Intell. Lect. Notes 
Bioinformatics), vol. 6774 LNCS, no. PART 2, pp. 129–137, 2011. 
[33] F. L. Tous, P. Ferriol, M. a. Alcalde, M. Melià, B. Milosevic, M. Hardegger, and D. Roggen, 
“Incorporating the rehabilitation of parkinson’s disease in the play for health platform using a body 
area network,” IFMBE Proc., vol. 41, pp. 1481–1484, 2014. 
[34] K. K. Zettergren, M. S. Antunes, J. M. Canhao, and C. Lavallee, “The Effects of Nintendo Wii Fit on 
Gait Speed, Balance and Functional Mobility on Idiopathic Parkinson’s Disease,” Appl. Technol. 
Innov., vol. 5, no. 2, pp. 38–44, 2011. 
[35] P. V. Mhatre, I. Vilares, S. M. Stibb, M. V. Albert, L. Pickering, C. M. Marciniak, K. Kording, and S. 
Toledo, “Wii Fit Balance Board Playing Improves Balance and Gait in Parkinson Disease,” PM R, 
vol. 5, no. 9, pp. 769–770, 2013. 
[36] J. F. Esculier, J. Vaudrin, P. Bériault, K. Gagnon, and L. E. Tremblay, “Home-based balance training 
programme using Wii Fit with balance board for Parkinson’s disease: A pilot study,” J. Rehabil. 
Med., vol. 44, no. 2, pp. 144–150, 2012. 
[37] J. E. Pompeu, F. A. D. S. Mendes, K. G. Da Silva, A. M. Lobo, T. D. P. Oliveira, A. P. Zomignani, 
and M. E. P. Piemonte, “Effect of Nintendo WiiTM-based motor and cognitive training on activities of 
daily living in patients with Parkinson’s disease: A randomised clinical trial,” Physiotherapy, vol. 98, 
no. 3, pp. 196–204, 2012. 
[38] N. B. Herz, S. H. Mehta, K. D. Sethi, P. Jackson, P. Hall, and J. C. Morgan, “Nintendo Wii 
rehabilitation (‘Wii-hab’) provides benefits inParkinson’s disease,” Park. Relat. Disord., vol. 19, no. 
11, pp. 1039–1042, 2013. 
[39] I. T. Paraskevopoulos, E. Tsekleves, C. Craig, C. Whyatt, and J. Cosmas, “Design guidelines for 
developing customised serious games for Parkinson’s Disease rehabilitation using bespoke game 
sensors,” Entertain. Comput., vol. 5, no. 4, pp. 413–424, 2014. 
[40] B. Galna, D. Jackson, G. Schofield, R. McNaney, M. Webster, G. Barry, D. Mhiripiri, M. Balaam, P. 
Olivier, and L. Rochester, “Retraining function in people with Parkinson’s disease using the 
Microsoft kinect: game design and pilot testing.,” J. Neuroeng. Rehabil., vol. 11, no. 1, p. 60, 2014. 
[41] R. Hermann and M. Herrlich, “Strong and Loose Cooperation in Exergames for Older Adults with 
Parkinson s Disease,” Mensch Comput. …, 2013. 
[42] B. Galna, D. Jackson, G. Schofield, R. McNaney, M. Webster, G. Barry, D. Mhiripiri, M. Balaam, P. 
Olivier, and L. Rochester, “Retraining function in people with Parkinson’s disease using the 
Microsoft kinect: game design and pilot testing,” J. Neuroeng. Rehabil., vol. 11, 2014.  
